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Objectives We sought to prospectively evaluate evidence of myocardial ischemia after surgical repair of anomalous aortic
origin of a coronary artery with an interarterial course (AAOCA).
Background An AAOCA is a rare anomaly associated with increased myocardial ischemia and sudden death risk in children.
Data evaluating ischemia after AAOCA repair are limited.
Methods We included children who underwent AAOCA surgery between October 2001 and December 2006. They were
prospectively assessed with exercise stress test (EST), stress echocardiogram (SE), and stress myocardial perfu-
sion scan (MPS).
Results Of 24 participating children, 15 (63%) were male, 16 (67%) had anomalous right coronary (ARCA), and 7
(29%) were asymptomatic. Median age was 12 (5 to 18) years; follow-up was 15 (2 to 48) months. All had
unobstructed neo-coronary ostia by echocardiogram and were asymptomatic. One anomalous origin of left
main coronary artery (ALCA) patient and 8 ARCA patients had post-operative evaluations suggestive of isch-
emia. The ALCA patient had reversible apical septal and mid-anteroseptal hypokinesis on SE. Of the ARCA
patients, 2 had inferior ST-segment depression on EST; subsequently, 1 had normal tests, but the other de-
veloped anterolateral Q waves. Two patients had blunted blood pressure response with EST, 1 had fixed api-
cal inferior hypokinesis on SE, 2 had reversible perfusion defects on MPS, and 1 had a fixed perfusion de-
fect on MPS.
Conclusions Subclinical changes suggestive of ischemia might occur despite patent neo-coronary ostia, notably after ARCA
repair. The implication of these results on indication for surgery and subsequent sudden death risk is unknown.
Serial EST, SE, and MPS are essential in evaluating ongoing ischemia risk after AAOCA repair. (J Am Coll
Cardiol 2007;50:2078–82) © 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.06.055A
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cnomalous aortic origin of a coronary artery with an
nterarterial course (AAOCA) is a rare anomaly that carries
n increased risk for myocardial ischemia and sudden
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ardiac death (1–4) during or just after exercise, notably
mong otherwise healthy children and young adults (2,5–7).
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hia, Pennsylvania. Dr. Brothers was supported by a National Institutes of Health
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ccepted June 4, 2007.nomalous left main coronary artery from the right sinus of
alsalva (ALCA) and right coronary from the left sinus
ARCA) are both associated with sudden death, but the
ormer carries a higher risk (1–4). The true prevalence of
AOCA is unknown, but estimates range from 0.1% to
.3% (1,7–9). Patients are often asymptomatic (7,8), but
hen symptoms are present, they usually include: chest pain,
re-syncope, or syncope with exertion (2,10–13). Because the
isk of sudden death is unknown, patient management
emains controversial: some children are followed clinically
ith exercise restrictions, whereas others are referred for
urgery with exercise limitations until surgical repair is
ompleted (14).
Data evaluating children for myocardial ischemia after
AOCA repair are limited (10–12). No studies to date
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November 20, 2007:2078–82 Ischemia After Anomalous Coronary Artery Surgeryave evaluated children for post-operative ischemia with
ultiple imaging modalities, including exercise stress test
EST), stress echocardiogram (SE), and myocardial perfu-
ion scan (MPS). The purpose of our study was to prospec-
ively evaluate evidence of rest and stress myocardial isch-
mia in children with AAOCA after surgical repair.
ethods
atients. The study was approved by the Institutional
eview Board at The Children’s Hospital of Philadelphia.
atients with AAOCA who underwent surgical repair at
ur institution between October 2001 and December 2006
ere eligible for study inclusion. We excluded patients with
ther coronary artery anomalies or significant structural
eart disease.
After obtaining parental consent and child assent, we
eviewed each patient’s medical record for presenting signs
nd symptoms, pre- and post-operative testing, and surgical
epair data. We defined cardiovascular symptoms as chest
ain, pre-syncope, or syncope with or just after exertion and
ardiovascular signs as ventricular arrhythmia, exercise-
nduced ischemia, myocardial infarction, or aborted sudden
eath. Enrolled patients underwent prospective testing as
escribed in the following text.
ST protocol. Subjects exercised to maximal ability with a
amp bicycle protocol (SensorMedics, Yorba Linda, Cali-
ornia). Cardiac rhythm was monitored continuously. Four
ubjects who did not meet the height requirements for cycle
rgometry used an incremental treadmill (Marquette Series
000, Milwaukee, Wisconsin) protocol. Four subjects tested at
n outside hospital exercised with a similar treadmill protocol.
E protocol. Two-dimensional images were obtained with
Sonos 5500 or iE 33 ultrasound system (Phillips, Andover,
assachusetts). To assess regional wall motion, images were
btained in standard parasternal long- and short-axis views and
pical 4- and 2-chamber views. The left ventricle was divided
nto 17 segments to analyze regional myocardial function (15).
PS protocol. Intravenous 99mTc-sestamibi was adminis-
ered at rest and peak exercise, and images were obtained at
est and within 30 min of peak exercise. Locations of
erfusion defects were noted with the same 17-segment
odel used for SE (15).
tatistical analysis. Baseline clinical characteristics and
ositive post-operative tests for ischemia were described.
escriptive statistics were expressed as mean ( SD) and
edian (range) for normally and non-normally distributed
ata, respectively. Two-tailed Fisher exact test was used to
ompare gender and cardiovascular symptoms with coronary
natomy (i.e., ARCA or ALCA).
esults
aseline demographic data. Twenty-four of 26 consecu-
ive patients who met inclusion criteria consented to partic-
pate. Fifteen were male, and 16 had ARCA. Seven of 8
LCA patients compared with 8 of 16 ARCA patients Aere male (p  0.18). Table 1
escribes presenting signs and
ymptoms and associated coro-
ary anatomy of the cohort. Of
he 12 patients with cardiovascu-
ar complaints, 5 had ALCA
ompared with 7 with ARCA (p
0.67). Six of 7 ARCA patients
ho presented with cardiovascu-
ar symptoms had chest pain with
xercise.
re-operative ischemia evalu-
tions. Sixteen patients had pre-
perative EST; of these, 9 had
resenting symptoms suggestive
f ischemia. One ARCA patient had a blunted blood
ressure response on EST with no electrocardiogram ab-
ormalities. One ALCA patient with palpitations had
requent premature ventricular contractions on Holter mon-
tor; a second patient had aborted sudden cardiac death after
oncompetitive exercise. All other pre-operative ischemia
valuations were normal.
urgical repair. The median age at surgery was 12 (range 5
o 18) years. Surgical repair was performed in 23 patients
ith the unroofing procedure (16). Coronary reimplantation
17) was used in 1 ARCA patient, owing to the short
ntramural course of the anomalous vessel. In 12 patients,
he aortic commissure was detached before unroofing. All
urvived the operation. One ALCA patient required emer-
ent surgery on the first post-operative night for an aortic
ncision disruption that was successfully repaired. Another
LCA patient needed surgical drainage of a loculated
ericardial effusion 2 weeks post-operatively. No patients
eveloped significant aortic insufficiency during the
ollow-up period.
ost-operative ischemia evaluations. Prospective evalu-
tions for myocardial ischemia were performed a median
f 15 (range 2 to 48) months after surgery. All patients
ad unobstructed neo-coronary ostia by routine echocar-
iogram. One ALCA and 8 ARCA patients had evalu-
tions suggestive of myocardial ischemia (Table 2). As an
xample of a positive ischemia evaluation, one ARCA
atient underwent EST 6 weeks post-operatively that
emonstrated inferior lead ST-segment depression (Fig.
A) with a normal MPS. At 20 months post-operatively,
aseline Q waves were noted without ischemic changes
uring exercise (Fig. 1B) with a normal SE and MPS.
iscussion
nomalous aortic origin of a coronary artery with an
nterarterial course is a rare congenital anomaly associated
ith increased risk of myocardial ischemia and sudden death
n children and young adults (1–6). We present the most
omprehensive prospective ischemia evaluation after
Abbreviations
and Acronyms
AAOCA  anomalous aortic
origin of a coronary artery
with an interarterial course
ALCA  anomalous origin
of left main coronary artery
ARCA  anomalous origin
of right coronary artery
EST  exercise stress test
MPS  myocardial
perfusion scan
SE  stress
echocardiogramAOCA repair on the largest number of pediatric patients
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Ischemia After Anomalous Coronary Artery Surgery November 20, 2007:2078–82o date. We found evidence suggestive of ischemia in 1
LCA and 8 ARCA patients; these might not have been
dentified had we used 1 or even 2 testing modalities. All
atients remained asymptomatic during testing, calling into
uestion the use of patient complaints in risk assessment for
schemia. Although most patients had symptoms at diag-
osis, we classified one-half as cardiovascular in origin.
hose with ALCA presented more frequently with cardio-
ascular complaints than those with ARCA.
What remains controversial is the management of asymp-
omatic children who seem to have a higher risk of sudden
eath than those identified later in adulthood (1,6). Serial
valuation with EST might be useful. However, basing a
atient’s management on a single test is worrisome, because
ST can be falsely negative, especially because ischemia is
ntermittent with AAOCA (2). Indeed, in our study, 9 of 16
resenting Signs and Symptoms (n  24)
Table 1 Presenting Signs and Symptoms (n  24)
Symptom n (%) Coronary Anomaly
Chest pain
Rest 3 (13) ARCA (n  2), ALCA (n  1)
Exercise 6 (25) ARCA
Pre-syncope
Rest 1 (4) ARCA
Exercise 1 (4) ALCA
Syncope
Rest 1 (4) ARCA
Exercise 3 (13) ALCA (n  2), ARCA (n  1)
Aborted sudden death
Exercise 1 (4) ALCA
Palpitations/PVCs 1 (4) ALCA
Asymptomatic
Murmur evaluation 6 (25) ARCA (n  4), ALCA (n  2)
Family history 1 (4) ARCA
LCA  anomalous left main coronary artery; ARCA  anomalous right coronary artery; PVC 
remature ventricular contraction.
ositive Post-Operative Ischemia Tests (n  9)
Table 2 Positive Post-Operative Ischemia Tests (n  9)
ID Presenting Symptom Anatomy F/U Time, months
1* Chest pain, exercise ARCA 4.0 Inferior S
depres
1† 48.0 Normal
2* Chest pain, exercise ARCA 1.5 Inferior S
depres
2† 20.0 Anterolat
3* Chest pain, rest ARCA 15.0 Normal
3† 27.0 Blunted B
4† Murmur evaluation ARCA 22.0 Blunted B
5† Pre-syncope, rest ARCA 41.5 Normal
6† Family history ARCA ARCA 15.5 Normal
7† Chest pain, exercise ARCA 3.5 Normal
8† Syncope, exercise ARCA 3.5 Normal
9† Aborted sudden death ALCA 8.5 NormalFirst post-operative test. †Prospective post-operative test for study.
ALCA  anomalous left coronary artery; ARCA  anomalous right coronary artery; BP  blood pressuratients who had a pre-operative EST presented with
ardiovascular symptoms and only 1 had an abnormal EST.
A limitation of our study was the inability to determine
isk of surgery versus observation on myocardial ischemia
nd sudden death, because this was not a randomized study.
urthermore, because this was a prospective study initiated
fter surgical repair, we lacked pre-operative ischemia eval-
ations on 8 patients; this would have made for a more
omplete assessment of pre- and post-operative ischemia.
ast, because the unroofing procedure has only been used
airly recently, we were only able to obtain mid- but not
ong-term follow-up evaluations.
onclusions
ubclinical changes suggestive of ischemia might occur after
AOCA surgery despite patent neo-coronary ostia, notably
fter ARCA repair. The implication of these results on
ndication for surgery and subsequent sudden death risk is
nclear. This study highlights that, although surgery is often
erformed on children in whom the pre-operative risk of
yocardial ischemia is unknown, we currently have subop-
imal ways to follow surgical results. Until more accurate
esting modalities are found, serial EST, SE, and MPS are
ssential in evaluating ongoing ischemia risk after AAOCA
epair.
Indeed, larger numbers of children need to be followed
ver time to determine whether the risk of myocardial
schemia after surgery is truly diminished. Angelini et al.
18) and Pelliccia (19) have suggested that a multicenter,
ultinational database of patients with AAOCA be estab-
ished. We concur with this and are developing such a
atabase of children and young adults in order to obtain the
atural history of those who do not undergo surgery and the
unnatural” history of those who do to assess the utility of
SE MPS
ent — Normal
Normal Normal
ent — Normal
waves Normal Normal
— —
onse Normal Normal
onse Normal —
Fixed apical-inferior hypokinesis Normal
Normal Inferoseptal defect, reversible
— Anterior wall defect,
reversible
Normal Anteroseptal defect, fixed
Apical septal and mid anteroseptal
hypokinesis with exercise
NormalEST
T-segm
sion
T-segm
sion
eral Q
P resp
P respe; F/U  follow-up; ID  patient identification number; —  patient did not have test.
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November 20, 2007:2078–82 Ischemia After Anomalous Coronary Artery Surgeryurgical intervention in decreasing long-term risk of myo-
ardial ischemia and sudden cardiac death.
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